Cervical cancer is the second most common cancer and the third leading cause of cancer-related death among females in less developed countries. Studies have shown that the single-nucleotide polymorphisms of interleukin 6 might be associated with cervical cancer risk. A total of 710 articles from EMBASE, EBSCO, Web of science, PubMed, Springer link, and Chinese National Knowledge Infrastructure databases were reviewed in our study. A meta-analysis on the associations between interleukin 6 rs1800795 polymorphism and cervical cancer risk was carried out by comparison using 5 genetic models. In this systematic review, 5 studies were analyzed. The pooled population included 2735 participants (1210 cases and 1525 controls). The overall odds ratio (G vs C alleles) using fixed-effects model was 0.85 (95% confidence interval 0.75-0.97), P ¼ .02. Our results show that the C genotype of interleukin 6 rs1800795 is associated with higher cervical cancer risk. Our results indicate that interleukin 6 rs1800795 polymorphism might be associated with susceptibility to cervical cancer.
Introduction
Cervical cancer is the second most common cancer and the third leading cause of cancer-related death among females in less developed countries. Cervical cancer development is closely associated with chronic inflammation caused by infections, such as human papillomavirus (HPV). However, only a small number of women infected with high-risk HPV will develop cervical cancer; therefore, other factors are also involved in cervical cancer development. Studies have suggested that interleukin 6 (IL-6) plays a potential role in cervical cancer. Interleukin 6, originally identified as a B-cell differentiation factor, is a central mediator of inflammation. Interleukin 6 acts as both a proinflammatory cytokine and an anti-inflammatory cytokine in immune response regulation. 1 Interleukin 6 is also known to regulate tumor cell growth and antiapoptosis process. Earlier studies have demonstrated that IL-6 facilitates cervical tumor growth via vascular endothelial growth factor (VEGF)-dependent angiogenesis 2 or by modulating the apoptosis threshold 3 ( Figure 1 ). However, the mechanism of IL-6 regulation is still unclear. Many factors, such as single-nucleotide polymorphism (SNP), may affect gene expressions. For example, the SNPs located in exons might change the codons, whereas the SNPs located in introns might cause transcriptional frequency distinction. Moreover, certain genotypes of IL-6 polymorphism might have a higher risk of developing cervical cancer. 4 However, some studies show a negative association between IL-6 polymorphism and cervical cancer risk. 5 Here, we conducted a meta-analysis of the associations between IL-6 polymorphism and cervical cancer risk.
Materials and Methods

Literature Review
A presearch strategy was performed before literature review using ''interleukin, polymorphism, cervical cancer'' as key words. Fifty-eight articles were identified in PubMed. Interleukin 6 was chosen as the target gene based on abstract reviewing process. We searched several databases, including EBSCO, EMBASE, Web of science, PubMed, and Chinese National Knowledge Infrastructure, to extract articles that referred to the association between the IL-6 polymorphism and cervical cancer risk up until July 2015. The key words used for the research were as follows: cervical cancer, cervical carcinoma, cervical tumor, uterine cervix cancer, interleukin-6, IL-6, SNP, polymorphism, allele. After excluding duplicates, book chapters, and conference abstracts, the titles and abstracts of the selected articles were reviewed for extraction. The inclusion criteria were (1) casecontrol studies and (2) containing genotype distribution data. The exclusion criteria were (1) review articles, (2) not related to IL-6, or (3) not a human study. The selection process is summarized in Figure 2 .
Data Extraction
For each study, the name of the first author, the year of publication, country of origin, age of participants, race of study population, and genotyping method were extracted ( Table 1) . Distributions of genotypes in both cases and controls are shown in Table 2 .
Statistical Analyses
Hardy-Weinberg equilibrium (HWE) was examined in controls by asymptotic Pearson w 2 test for each polymorphism in each study. The association between polymorphism and cervical cancer risk was estimated with odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) . Heterogeneity between studies was tested using Q test and I 2 test. The heterogeneity was considered significant if P value was less than .05. Fixed-effects model was adopted when P value was more than .05; otherwise, random-effects models was used. 6 The publication bias was evaluated using Begg test and Egger test. 7, 8 P <.05 was considered statistically significant. Statistical analyses were conducted using Stata 13.0 (College Station, Texas).
Linkage Disequilibrium Analysis
Linkage disequilibrium (LD) analysis was performed based on the data from the International Hap Map Project (HapMap3 Genome Browser release #2, phase 3-genotypes, frequencies, and LD). Utah residents with Northern and Western European ancestry (CEU) were chosen in this LD analysis. A total of 4-kb D 0 and r 2 values for IL-6 SNPs were calculated by Haploview 4.2 (Mark Daly's Lab, Broad Institute, Cambridge). r 2 > .8 was considered a significant LD.
Results
A total of 6390 articles were obtained from the literature search. As shown in Figure 2 , 710 articles were reviewed after excluding the duplicates, book chapters, and conference abstracts. A total of 8 research articles that reported the association of human IL-6 polymorphisms and cervical cancer risk were identified. Three of them were excluded after reviewing the full-text article, because they were studying irrelevant SNP or lacking detailed SNP distribution data. Finally, 5 studies from 5 articles were included in this analysis. Four of the articles were published in English, 4 ,5,9,10 and 1 article was published in Portuguese.
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As described above, distributions of genotypes in both cases and controls were extracted (Table 2 ). Overall, 5 different genetic models (allele, heterozygote, homozygote, dominant, and recessive model) were analyzed to address the relationship between IL-6 rs1800795 polymorphism and the risk of cervical cancer. As shown in Table 3 , the heterogeneity was not significant in the study on Finnish population 10 (P ¼ .21, I
2 ¼ 31.4%). The overall OR (G vs C alleles) using fixed-effects model was 0.85 (95% CI: 0.75-0.97), P ¼ .02, suggesting G genotype reduced the risk of cervical cancer (Figure 3) . Hence, the females with at least 1 C genotype are more susceptible to cervical cancer. Analyses of other genetic models were also performed, but no association was identified. The publication bias was negligible in these genetic models (Table 3) .
Furthermore, all studies on IL-6 rs1800795 and the risk for cervical cancer were analyzed for the deviation from HWE. As shown in Table 2 , all studies deviated from the HWE (P < .01), except for the study in Finland population. 10 The funnel chart is shown in Figure 4 .
The LD pattern in the 4-kb upstream and downstream of the rs1800795 on chromosome 7 was investigated in our study. One haplotype block was identified in the CEU population. 
Discussion
Recent studies have shown that IL-6 is a tumor cell growth regulator and an antiapoptotic mediator. Interleukin 6 activates the Janus kinases/signal transducer and activator of Abbreviations: CI, confidence interval; OR, odds ratio; P het , P value for heterogeneity. transcription 3 (STAT3) signal pathway in several types of cancers. [12] [13] [14] Interleukin 6 is capable of driving VEGF promoter via a STAT3 pathway in cervical intraepithelial neoplasia ( Figure 1) . 2 A study on C33A/IL-6-c5 cell line suggests that IL-6 mediates human cervical tumor cell apoptotic resistance by upregulating Mcl-1 (myeloid cell leukemia 1) level via STAT3 pathway. 3 In this study, we performed a meta-analysis to assess the association between IL-6 rs1800795 SNP and cervical cancer risk. We analyzed 5 different genetic models (allele, heterozygote, homozygote, dominant, and recessive model) in IL-6 rs1800795 polymorphism. A subgroup analysis by race was also performed. On the basis of 2292 participants (980 cases and 1312 controls), our analysis indicates that the genotypes of IL-6 rs1800795 polymorphism are associated with cervical cancer risk.
Our results suggest that IL-6 gene polymorphism may play a significant role in the pathogenesis of cervical cancer. Interleukin 6 rs1800795 is located at the 174 base pair upstream of IL-6 gene promoter. Based on LD analysis, 2 SNPs (rs1800795 and rs1800797) in the upstream of IL-6 gene promoter and 3 SNPs (rs2069832, rs2069837, and rs1474347) in the IL-6 introns showed LD with each other and formed a haplotype block. These results indicate that these SNPs tend to pass as a haplotype from 1 generation to the next and might be able to regulate IL-6 transcription or posttranscriptional modification. 15 Therefore, these 5 SNPs will follow the same inherited pattern and tend to pass through the generations as a block. One study shows that rs1800797 was not associated with cervical cancer in the Swedish population. 16 However, we did not find any studies that focused on the correlation of rs2069832, rs2069837, or rs1474347 and cervical cancer during the literature review. Hence, more experiments with a larger sample size and more SNP sites should be performed to confirm our finding.
The association of rs1800797 and the risk of cervical cancer is consistent in the individual studies. For examples, rs1800797 confers higher risk of cervical cancer in Han Chinese in Shi's study. 4 However, the rs1800797 polymorphism is not a risk factor for cervical intraepithelial neoplasia in Caucasian in the Grimm's study. 5 In our meta-analysis, we reviewed 5 casecontrol studies including 1210 cases and 1525 controls. Our review included Han Chinese, Brazilians, Indians, and Caucasians. Therefore, our study is a comprehensive analysis of rs1800797 polymorphism and the risks of cervical cancer.
The present study was performed through scientific and rational design. However, it has several limitations. Firstly, although Begger funnel plot analysis did not show the presence of publication bias, there may still be selective language bias, since this study only included documents published in English and Portuguese. Secondly, due to the small sample size of the included studies, we did not perform subgroup analyses to clarify its association with IL-6 gene. Finally, the potential confounding factors, such as race, age, and geographical distribution, may exist in this study.
Conclusion
In conclusion, our results indicate that the C genotype of IL-6 rs1800795 polymorphism might be associated with higher cervical cancer risk. The conclusion is different from the individual studies.
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